Direct and maternal breed effects on birth and 200-d weights were estimated for nine parental breeds (Hereford [H], Angus [A], Braunvieh [B], Limousin [L], Charolais [C], Simmental [S], Gelbvieh [G], Red Poll [R], and Pinzgauer [P]) that contributed to three composite populations (MARC I = ÔB, ÔC, ÔL,°H,°A; MARC II = ÔG, ÔS, ÔH, ÔA;
Introduction
Hybrid beef cattle EPD have been proposed (Golden et al., 1994; Wilton and Miller, 1994) to allow evaluation of additive genetic merit of purebred and crossbred cattle in multibreed populations as a tool for efficient use of crossbreeding programs.
Models proposed for genetic evaluation in multibreed populations (Elzo and Famula, 1985; Arnold et al., 1992) involve estimation of additive genetic breed effects, which form part of EPD used to compare animals of different breed composition. Use of algorithms to account for differences in groups going through different levels of selection (Westell et al., 1988; Van Vleck, 1990) has been recommended to account for differences in breeds and to reduce costs of solving equations corresponding to genetic grouping. Elzo and Famula (1985) warned that for data from open crossbreeding programs, problems of confounding with genetic fixed effects could exist due to empty subclasses. Such confounding could be difficult to detect in evaluations using the Westell et al. (1988) algorithm. The purpose of this study was to investigate the effect of data structure on estimation of direct and maternal breed effects fitted as covariates in models for birth and 200-d weights of three multibreed populations of beef cattle.
Materials and Methods

Description of Data
The Germ Plasm Utilization ( GPU) project at the Roman L. Hruska U.S. Meat Animal Research Center ( MARC) , Clay Center, Nebraska, consisted of an experiment with three composite populations. The data structure is similar to the structure of field data for multibreed populations. Those data were used in Table 1 . Matings to establish composites, breed composition, and levels of heterozygosity in different generations of the composites a Composite populations were established from the same animals used in the purebred foundation populations; C = Charolais, L = Limousin, H = Hereford, B = Braunvieh, A = Angus, G = Gelbvieh, S = Simmental, P = Pinzgauer, R = Red Poll. b H I denotes individual heterozygosity in the progeny of a given generation, and H M denotes maternal heterozygosity in their dams. Gregory et al. (1991) gave a complete description of formation of the composites including the origins of the purebred animals that contributed to formation of the composites and of the management of the animals. A summary of the matings to establish the composites, including the breed composition and level of heterozygosity in the different generations of the composites, is given in Table 1 . In this experiment the F 1 is defined as the first generation that reflects the final breed composition of a composite population. Composites were formed from the same sires and dams that were represented in the nine contributing parental breeds (Red Poll, Hereford, Angus, Limousin, Braunvieh, Pinzgauer, Gelbvieh, Simmental, and Charolais) . The level of heterozygosity was stabilized in the second generation for the direct part and in the third generation for the maternal part. Contributing purebred contemporaries were maintained for Pinzgauer since 1982 and for all other breeds since 1978, when the first calves were born in the experiment.
The Braunvieh population averaged between 3/4 and 7/8 Braunvieh and was established by using semen from nine Braunvieh sires originating in Switzerland and Germany on a foundation of purebred Brown Swiss females obtained from dairy herds in Wisconsin and Minnesota as calves in 1967 and 1968. Breed substitution from Brown Swiss to Braunvieh started in 1969. The Simmental, Limousin, Gelbvieh, and Pinzgauer populations were established by mating 20 or more sires of each breed to purebred females from the same Hereford and Angus populations used in the experiment (except as noted) and subsequently by repeatedly backcrossing to the four breeds of sire. Grade-up programs to these breeds started at MARC in 1969 for Simmental, in 1970 for Limousin, in 1975 for Gelbvieh, and in 1977 for Pinzgauer. A sample of 3/4 Gelbvieh females bred to produce 7/8 Gelbvieh progeny was purchased to augment the Gelbvieh population in 1977. These females were graded up from a female population of Charolais × Angus with the same sample of Gelbvieh sires used in the Gelbvieh grade-up program at MARC. The Charolais population was established with the purchase of purebred Charolais females in 1977 and was augmented by Charolais grade-up from Angus × Hereford females at MARC starting in 1967. Charolais sires were sampled from a broad genetic base. The Red Poll population was established from purebred females purchased from several sources in 1966, 1967, and 1968 with sires sampled from a broad genetic base. The Hereford and Angus breeds have been maintained as closed populations (except as noted) since 1960. A sample of Hereford males and females was added in 1966, but this sample did not produce any male progeny that were used to maintain the population. A sample of Angus sires introduced in 1967 and 1968 did not produce males used to maintain the population.
Analyses were performed on two sets of data with different structure for each of the three multibreed populations.
Data Set 1. A first analysis was with records for each of the multibreed populations including the composites plus the contemporary purebreds, until 1992, and the purebred and crossbred ancestors of the animals in the composite, back to 1968. The structures of the data sets are shown in Tables 2, 3, and 4 for the MARC I, MARC II, and MARC III populations, respectively.
Data Set 2. For the second analysis for each multibreed population, extra data were incorporated to improve estimates of direct and maternal breed effects. The structures of these data sets are shown in Tables 5, 6, and 7. Some data came from a diallel cross experiment in 1973 to 1974, involving the Braunvieh, Red Poll, Hereford, and Angus breeds. Gregory et al. (1978) and Dearborn et al. (1987) described the origin and management of the animals. Braunvieh and Red Poll animals were from the same populations as those in the GPU program. The same was true for Hereford and Angus sires. Hereford and Angus dams were sampled as calves from commercial producers in western Nebraska. Three-way crosses were obtained in 1975 and 1976. These crossbred animals were included in the populations that had the same contributing breeds. All data from the grade-up programs that were not included in the first analyses were added in these second analyses. Other extra data came from the Germ Plasm Evaluation ( GPE) program at MARC, which consisted of a top cross experiment involving crosses of different sire breeds to Hereford and Angus dams. Records of progeny sired by Limousin (1970 Limousin ( to 1972 , Simmental (1970 to 1972 ), and Gelbvieh (1973 to 1974 bulls were included in the second analyses. Records on F 1 females were not included because they were mated to breeds of sire that were not used in the GPU project. Description of animals and management was given by Smith et al. (1976) and Gregory et al. (1979) . Most male calves in the GPE project were castrated before weaning, so 200-d weights of these steers were excluded from the analyses.
The Model
In general, models that have been proposed for data from multibreed populations (Elzo and Famula, 1985; Arnold et al., 1992) involve contemporary group fixed effects, direct and maternal additive genetic fixed and random effects, and fixed and random effects due to genetic interactions, in addition to other random effects including the residuals. These models consider the most important factors affecting records of animals from multibreed populations; however, with the type of data available, with many empty cells in the design, it is not possible to get good estimates for some of the parameters. To analyze the data in the present study, a simplified version of the animal model presented by Arnold et al. (1992) was used. The general structure of the model can be represented as:
where y ijk is the birth or 200-d weight measured on the i th animal from the j th dam and in the k th contemporary group; SU k is the fixed contemporary group effect defined by the k th birth year-sex-age of dam subclass. Sex levels consisted of bulls and heifers, and age of dam levels were 2, 3, 4, and >4 yr; p i and p j are the expected proportions of heterozygosity for the i th animal and the j th dam, respectively; The assumption is that heterosis effects for any breed combination are the same. This assumption may or may not be realistic, but with the information available this was all that could be estimated; f il and f jl are the expected fractions of genes that the i th animal and the j th dam, respectively, received from the l th breed; B l I and B l M are the direct and maternal genetic effects, respectively, of the l th breed, fitted as covariates; a i is the random additive genetic effect for the i th animal; m j and c j are the random additive genetic and permanent environmental maternal effects of the j th dam; e ijk is the random residual effect.
In matrix notation the model equation can be expressed as follows:
where y is the vector of observations, b is the vector of fixed contemporary group effects, h is the vector of direct and maternal heterosis effects, g and d are the vectors of direct and maternal breed fixed effects, respectively, a is the vector of random additive direct genetic effects, m and c are the vectors of random additive genetic and permanent environmental maternal effects, e is the vector of residuals, X is an incidence matrix with zeros and ones relating observations to contemporary group fixed effects, H is an incidence matrix relating observations to direct and maternal heterosis effects through the corresponding p i and p j values, Q I and Q M are incidence matrices relating observations to direct and maternal breed effects through the corresponding f il and f jl fractions, respectively, Table 6 . Structure of data set 2 for the MARC II population a a Data set 2, in addition to records in data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus breeds, records from a top cross experiment with calves sired by Simmental and Gelbvieh bulls, and records of animals in the grade-up process to different purebreeds contributing to the composites.
b Description of data set 1 is in Table 3 . A is the additive genetic relationship matrix obtained using Quaas ' (1976) rules, I n c and I n are identity matrices of sizes equal to the number of dams ( n c ) and to the total number of records ( n ) , respectively, s a 2 is the additive direct genetic variance, s 2 m and s c 2 are the additive genetic and permanent environmental maternal variances, s am is the covariance between additive direct and additive maternal genetic effects, and s e 2 is the residual variance.
Breed
Period of births
Estimation of Variance Components
Variance components were estimated with the MTDFREML programs . Estimates are reported only for data set 1 (Table 8 ). For two populations that included the extra data, the differences in the estimates of the variance components with and without the extra data were small; thus, no other analyses with the extra data were run.
Estimation of Genetic Fixed Effects
Analyses were performed with the MTDFREML programs . With estimates of variance components from data set 1 (Table 8) , solutions for direct and maternal heterosis, direct and maternal breed effects, and their standard errors were computed for data set 1 and data set 2. The block diagonal part of the inverse of the coefficient matrix of the mixed model equations corresponding to the heterosis and breed effects in the model was obtained, which corresponds to the sampling covariances of the respective estimates. From this submatrix, sampling correlations among the estimates were calculated.
Results and Discussion
Breed Effects. Estimates of direct and maternal breed effects, as deviations from Angus, using data sets 1 and 2 for birth weight are in Table 9 . In general, standard errors of estimates obtained before including the extra data (i.e., those obtained with data set 1 ) are much larger than for estimates obtained once the data from the diallel and top cross experiments and from the grading up process were considered. Estimates of breed effects from data set 1 for Limousin are different from what was expected. Estimate of the direct breed effect was large positive (16.16 ± 4.58) and for the maternal effect was large negative ( −9.05 ± 4.50), but with large standard errors. However, estimates of the total Limousin breed effect (i.e., the sums of direct and maternal breed effects) obtained with data sets 1 and 2 are very similar (7.11 vs 7.09) and are similar to the estimate Gregory et al. (1991) using least squares mixed model procedures and with data only from the composite breeds and their contemporary purebreds. The similarity between estimates of total breed effects obtained with the two sets of data, and to the ones reported by Gregory et al. (1991) , was true for all breeds. Corresponding estimates of breed effects for 200-d weight are presented in Table 10 . The same patterns discussed for birth weight were observed for 200-d weight. Standard errors for estimates obtained with data set 1 were large. Estimates of total breed effects obtained with the two sets of data are similar and are similar to the ones reported by Gregory et al. (1991) . For 200-d weight, the largest differences in the estimates for direct and maternal breed effects obtained with the two sets of data were for the Simmental and Gelbvieh breeds in the MARC II population (Table 10 ). The estimates obtained with data set 1 for direct breed effects were large negative respectively) , and for the maternal breed effects the estimates were large positive (94.61 ± 19.34 and 100.68 ± 29.51 for Simmental and Gelbvieh, respectively), but in both cases with large standard errors. This result should have been expected due to the poor structure of data set 1 in the MARC II population (Table 3 ) for separating the different genetic fixed effects in the model, resulting in high sampling correlations between the estimates for the direct and maternal breed effects, as will be discussed later. Once the extra data in data set 2 (Table 6 ) was considered, the estimates were more reasonable. Estimates for direct breed effects for Simmental and Gelbvieh, with larger body size than Angus (Cundiff et al., 1986) , were now positive (29.79 ± 4.38 and 36.98 ± 5.64, respectively) , and the estimates for maternal breed effects (36.98 ± 5.64 and 17.16 ± 5.21, respectively) were not as large as the ones obtained with data set 1.
Most estimates of breed effects obtained with data set 2, for birth and 200-d weights, agree well with previous reports (e.g., Gregory et al., 1978 Gregory et al., , 1979 Gregory et al., , 1991 Comerford et al., 1987 Comerford et al., , 1988 Dearborn et al., 1987) . However, some estimates were different from expected. Compared with results reported by Comerford et al. (1988) and Smith et al. (1976) , the estimated direct effect for 200-d weight of Limousin is low, and the estimated maternal effect is high (expected to be similar to Angus). The same is true for the estimates of breed effects for 200-d weight of Charolais. Actually, the estimates obtained with data set 1 for 200-d weight for these two breeds are more similar to expected ones than estimates obtained with data set 2 ( Table 10 ). Most of the results reported by Nú ñ ez- Domínguez et al. (1993) for weaning weight of breeds evaluated in the Germ Plasm Evaluation Program at MARC agree with the present study, except for breed maternal effects of Simmental and Gelbvieh, which they reported as maternal grandsire means, and the equivalent differences compared with Angus were twice as large as the ones reported here. Some of the inconsistencies could be because data used in the present study did not come from a designed experiment to estimate direct and maternal breed effects. The sum of the two estimates, direct and maternal for each breed, agrees well with the expected Table 9 . Estimates and standard errors of direct and maternal breed effects as deviations from Angus for birth weight (kg) from three multibreed populations of beef cattle, using two sets of data a a Data set 1 included records of composite animals, their ancestors, and their contemporary purebreds. Data set 2, in addition to records in data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus breeds, records from a top cross experiment with calves sired by Charolais, Limousin, Simmental, and Gelbvieh bulls, and records of animals in the grade-up process to different purebreeds contributing to the composites. Table 10 . Estimates and standard errors of direct and maternal breed effects as deviations from Angus for 200-d weight (kg) from three multibreed populations of beef cattle, using two sets of data a a Data set 1 included records of composite animals, their ancestors, and their contemporary purebreds. Data set 2, in addition to records in data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus breeds, records from a top cross experiment with calves sired by Charolais, Limousin, Simmental, and Gelbvieh bulls, and records of animals in the grade-up process to different purebreeds contributing to the composites. values (Gregory et al., 1991) ; however, the crosses available in some cases seem not to allow partition of the breed effects into the part due to the genetic makeup of the calf and the part due to the genetic makeup of the cow.
Heterosis Effects. Estimates of direct and maternal heterosis effects on birth and 200-d weights are presented in Table 11 . Estimates obtained with data set 1 have the same problems as estimates obtained with that data set for breed effects. Some estimates for direct and maternal heterosis effects had unexpected negative signs. The most extreme case was for the MARC II population, for which the estimate for maternal heterosis on 200-d weight was −17.13 ± 6.66, although with a large standard error. Once the extra data in data set 2 were included in the analyses, the results were more reasonable; however, it must be recalled that the assumption was that heterosis effects were the same for all the crosses, which may not be true, but this was all that could be estimated with the data in this study. The unexpected negative signs of estimates for data set 1 could be due to sampling variation, to small sample size, or to multicollinearity, as discussed next. Sampling Correlations. The large standard errors and the unexpected large estimates of breed and heterosis effects with data set 1 can be explained by the large sampling correlations among the estimates.
As an example, the sampling correlation matrices of estimates for breed and heterosis effects obtained with the two sets of data are presented in Table 12 for birth weight of the MARC I population, in Table 13 for 200-d weight of the MARC II population, and in Table  14 for 200-d weight of the MARC III population. There were large sampling correlations among the estimates obtained with data set 1, especially between estimates of direct and maternal heterosis and between estimates of direct and maternal breed effects for the same breed, which had sampling correlations close to −1. This is the reason estimates of direct and maternal breed effects from data set 1 tended to go in opposite directions in some cases (e.g., for birth weight of Limousin [Table 9 ] and 200-d weight of Simmental and Gelbvieh [Table 10 ]). The problem disappeared when the extra data were included in data set 2, even though the sampling correlations between estimates of direct and maternal breed effects in the same breed still were approximately −.8, which may be the most this correlation can be reduced. Although the heterosis effects and differences of breed effects are estimable with the models used for the present analyses, as corroborated by expectations of solutions to the mixed model equations, the large sampling correlations for estimates obtained with data set 1 indicate some degree of confounding between direct and maternal genetic effects. The present model is a simplification of the model proposed by Dickerson (1969) . Under Dickerson's model, most of the specific heterosis and differences of breed effects would not be estimable. Accounting for differences among breeds by Westell's algorithm (Westell et al., 1988; Van Vleck, 1990 ) is equivalent to fitting breed effects as covariates in the model, as was done in the present study.
Lack of enough information to separate direct and maternal breed effects in multibreed populations when predicting EPD for comparisons of animals across breeds may result in incorrect ranking of animals. Estimates of breed differences form part of those EPD (Arnold et al., 1992) and any error in estimation of those differences will be repeated in every comparison of animals from the corresponding pair of breeds.
Implications
Even with a simplified model, separation of estimates of mean genetic effects on traits of multibreed populations of beef cattle into those due to the genetic make-up of the calf and those due to the genetic makeup of the dam requires data from a variety of crosses. In beef cattle, there are limited numbers of breeds or crosses in any herd. Thus, estimation of direct and maternal breed genetic effects from field data sets may not be possible. The development of an evaluation system for using crossbred records will require incorporation of information from designed crossbreeding experiments in some way.
